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With the rapid development of science&technology and the increasing scarcity of 
resources，the pace of human exploration and development of marine gradually 
accelerated. However, because of the restriction of the congenital condition, there is a 
lot of inconvenience in the water exchange. Therefore,this paper designs a set of 
underwater acoustic command transmission system for realizing thereal-time 
command text underwater transmission, with a high practical value. 
 In order to overcome interference effects of amplitude fading and inter-symbol 
interference which cause by high noise of underwater acoustic channel and strong 
multipath,this paper adopts the M-ary frequency shift keying combined with 
frequency hopping technology as modulation communication system, not only 
inherited the tradition FSK (Frequency Shift Keying) communication system 
stability,but also compatible with the advantages of frequency hopping anti-multipath 
fading. At the same time,this paper combines the thought of diversity in transmit 
frame structure synchronization head design and propose a Goertzel algorithm to 
achieve real-time spectral analysis,this improve the synchronization accuracy and 
ensure the stability of the system communication at the same time. 
The main work of the paper is completed the design of a set of acoustic 
transmission system based on STM32. System uses STM32 microcontroller produced 
by STMicroelectronics,coordinates programmable logic device CPLD and voice 
module LD3320to achieve real-time transmission function under water.At the end of 
the paper,we test and verify the anti-noise and anti-multipath ability of system 
baseband communication part and list the system's basic performance indicators 
through the experiment of noise attenuation and multipath poolenvironment 
respectively. 
The core of the system designis the implementation of baseband communication 
part, using special integrated chip and abundant peripheral resources of STM32, 
through the reasonable design scheme, to achieve the goal which system is more 
compact and practical,providing convenience for subsequent practical application. 
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+ 3.02 × 10−4𝑓2                          (1-1) 







扩展损失 TL 来说，它与距离 r 的关系如下所示： 



















现实中的水声信道模型是基于球面波传播构建的，式中的 n 在本文中取 2。 
综上可知，声波在海水中的平均传输损耗可表示为扩展损失与衰减损失之和： 
𝑇𝐿 = 20𝑙𝑔𝑟 + 𝑎𝑟 × 103 𝑑𝐵                  (1-3) 
式中，距离 r 的单位为米，第二项为前面所述的衰减损失。 
由上式可知，传播距离越大，传输损耗越大，发射的声波频率越高，传输损
耗越大。在实际应用中，绝大多数的水声通信设备所使用的载波频率上限都在
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